INTRODUCTION
Solar energy harvesting is one the challenging tasks to current renewable energy scientists.
Researchers are struggling for designing a cheap, liable, elastic, and environmental friendly optoelectronic devices with high efficiency. [1] [2] [3] [4] Silicon-based materials are ideal in the current solar cells technology but having a high cost, high operation temperature; limits its portability and versatility. 5 A step toward the development of low-cost, environmentally friendly, easily synthesizable, flexible and efficient material for solar cells lead scientists to the use of conjugated organic polymers (COPs). 4, 6 COPs are emerging as promising materials due to their stability, low-cost processing and ability to form tunable and robust structures. Four prominent generations of COPs are being explored by scientists, which has application in the field of solar to power energy conversion.
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COPs have tunable band gap where one can precisely tune the desired band gap, HOMO, and LUMO energy levels during the synthesis, which directly affect the open circuit voltage (Voc), charge transport (ηcT) and short-circuit current density (Jsc) in the polymer solar cell (PSC). 4 Generally, polymer with a band gap of more than 4 eV is considered to be insulator while the underneath represents semiconducting nature. 12 Since the discovery of the conducting nature of polyacetylene (PA), researchers are working to minimize this band gap. 13 Many efforts are reported in this regards which are either, co-polymerization, composites, nanoparticles, and donor-acceptor co-polymerization.
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The major issues with PSCs are their low efficiency in the photovoltaic devices which links to the incident photon to electron conversion. To date, the power conversion efficiency (PCE) of PSC has been enhanced up to 13.2%, 15, 16 means still large efforts are being required of making it acceptable all over the world. As explained elsewhere, 4 the conduction mechanism of the PSC is also different from that of inorganic semiconductors. Other problem associated with the PSC is large exciton binding energy which requires the high energy of dissociation into electron and hole and thus results in less efficiency of the organic based PSC. 17 Finally, COPs used in the PSC should have the ability to absorb the visible part of the solar spectrum (narrow band gap) and a well below HOMO energy level compared to the LUMO of Phenyl-C61-butyric acid methyl ester (PCBM), used in the bulk heterojunction.
COPs monomers such as 3,4-ethylenedioxythiophene (EDOT) and 3,4-ethylenedioxyselenophene (EDOS) are working as a donor while 2,1,3-bezothiadizole (BOD) and 2,1,3-benzoselenadiazole (BSD) moieties act as an acceptor in the donor-acceptor combination (Scheme S1). Synthetic mechanism and electropolymerization of EDOS into poly 3,4-ethylenedioxyselenophene (PEDOS) are given in Fig S1 and S2, respectively while that of poly 3,4-ethylenedioxythiophene (PEDOT), poly 2,1,3-benzoselenadiazole (PBSD), and poly 2,1,3-bezothiadizole (PBOD) can be found elsewhere.
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To overcome the challenges of PSC, a donor-acceptor approach has been using to efficiently tune the HOMO-LUMO levels and optical band gap. [19] [20] [21] [22] [23] As we know, the processes are not so simple, requires a lot of efforts to get insight into the underlying phenomenon. 17 The combination of the donor (electron donating species) and acceptor moieties (electron withdrawing) in a copolymer can tune the optical gap and efficiently harness the solar energy influx which is consequently responsible for the increase of Jsc. This would not simply solve our problem but band gap engineering of a polymer can lead to increase the Voc, followed by efficient exciton dissociation in the PSC.
24
The purpose of this work is to design and suggest such a polymer that can be used in the bulk heterojunction (organic solar cell), having enhanced Voc, Jsc, and fill factor (FF). 25 In this work, we used different conjugated organic monomer having donors and acceptors nature which can give rise to a low band gap polymer with desired bandwidth positions. More interestingly, these exciting materials are rarely investigated for solar to power energy conversion and have not been simulated to design an efficient PSCs. Finally, this theoretical investigation will minimize the synthetic effort for the future experimentalists.
Computational Methodology
Both molecular and periodic boundary condition's (PBC) simulations of the donor, acceptor, and their combinations have been carried out on Gaussian 09 26 and Quantum Espresso, 27 respectively while visualizations are achieved on Gabedit, 28 QuantumWise, 29 and
GaussView. 30 can incorporate environmental effects and quickly give best quantitative fit to UV-vis spectra (excitation energy) of these species, especially using hybrid functionals (B3LYP). [33] [34] [35] In the case of approximate DFT, negative orbital energies (HOMO and LUMO) do not give accurate ionization potentials (IP) and electron affinities (EA), but the deviation is about 1 eV. Since the error is method dependent and consistent for all oligomers, orbital energies can be still used to examine trends consistently.
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Furthermore, to verify our computational method, oligomeric properties of these species are extrapolated to the polymer using second order polynomial fit equations (Table S1 -S3). M.
Bendikov et al has extensively studied this group of polymers both experimentally and theoretically and confirmed the superiority of B3LYP/6-31G** level of theory over other methods. 16, [49] [50] [51] [52] Our simulated results have also a nice correlation with the experimental data as can be seen from Table S4 , so, that is why the current level of theory is employed for the rest of simulations.
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Key parameters of the photovoltaic system such as reorganization energy (λ), Polaron, Bipolaron, UV-Vis spectra, and exciton binding energy (Eb) are also simulated with the said level of theory. The stability, perturbation in electroactivity and conductivity upon mixing of donor and acceptor species are estimated from the energy of HOMO, LUMO, and band gap. The electrons and holes carrying nature are simulated from the reorganization energy and also from the contours of HOMO and LUMO, respectively. UV-vis, UV-Vis-Near IR spectra and an optical gap of the D-A-D are simulated, using TD-B3LYP/6-31G** level of theory.
Results and Discussion

Optimized Geometries.
Planarity in molecular geometry and the corresponding π-electrons conjugation over the backbone play an important role in the visible light absorption of a chemical substance. This out of the plane behavior of the benzo selenadiazole rings in the polymeric body may be responsible for the high resistance in delocalization of the electron cloud density (Fig 2) . Table S1 -3 of the Supporting Information. better hole transferability due to lower reorganization energy which may be correlated to its fully planner geometrical structure with an ideal dihedral of 180°.
Polaron, Bi-polaron, and Exciton Binding Energy.
It is generally believed that PSCs require well-controlled movement of charges for efficient photon conversion. LUMO energy levels but also increases the delocalization over the polymeric backbone ( Fig   S7) . The delocalization over the oligomeric body of mono-cationic state can be seen from the non-degenerate molecular orbitals, termed as Alpha and Beta (Fig 6) A similar trend in the molecular orbital distribution of A is observed upon making its cationic and di-cationic states, as shown in Fig 7. Band gap of the acceptor species in the neutral state is found to be 2.22 eV while the coulombic force which holds the electron-hole pair is 0.37 eV.
The frontier molecular orbital cloud densities of the neutral, cationic and di-cationic states are given in Fig S8 of the Supporting Information. where an electron transferred from HOMO to LUMO. Moreover, this absorption band peak red-shifts with chain length elongation of the conjugated body. 58, 59 Absorption spectra of all these three species along with their defective states are categorized into separate sections.
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Mostly COPs are positively charged when experimentally synthesized so, that is why the cationic and di-cationic states are considered to efficiently explore the solar light absorption abilities. The UV-Vis spectra of the neutral state of D (Fig 9) show two distinct peaks at ca.
608 and 440 nm and arises from π→π* and HOMO-1 to LUMO-1 transition, respectively. The effect of cationic and di-cationic is investigated in the absence of counter-ion; where the monocation induces polaron and deficiency of two electrons create a bi-polaron state. Furthermore, this localized di-cationic state along with associated distortion provide an easy pathway for the electron/hole transformation along the π-conjugated backbone (vide supra).
The bi-polaronic state has wide range absorption of the solar spectrum as can be seen from the broad and high-intensity band peak at ca. 1513 nm. Comparative UV-Vis spectra of D, A, and D-A-D are given in Figure 11 , where the maximum absorption band peaks are peaked at 608, 669 and 847 nm, respectively. These bands can also be regarded as the first allowed maximum electronic excitation (the one with higher oscillator strength) in the visible region and are due to π→π* transitions ( Table 3 The photovoltaic properties of D-A-D in the PSC device such as Voc and charge transport are simulated which are listed in Table 4 . Different HOMO and LUMO energy levels of the fullerenes derivatives are reported (Table 4) , however, few of them are considered with our investigated D-A-D polymer. From Table 4 , it can be analyzed that the Voc of the PSC has a direct relation with the LUMO energy level of PCBM, higher the LUMO level results in large 
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